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©  A  method  for  determining  the  surface  profile  of 
diffusion-reflecting  objects  provides  for  interferometr- 
ical  comparison  of  the  light  beams  reflected  by  a 
reference  mirror  (5)  and  by  the  object  (11),  deviation 
of  the  optical  path  of  the  object  beam,  focusing  the 
object  beam  on  a  plane  corresponding  to  a  zero 
difference  between  the  path  lengths  of  the  inter- 
ferometrically  compared  beams  and  measuring  said 
optical  path  change  between  the  initial  value  and  up 
to  the  moment  of  obtaining  the  interference  picture 

^-  of  the  maximum  contrast.  A  device  for  implementing 
^   the  method  comprises  an  objective  (1)  and,  con- 
qq  secutively  mounted,  a  coherent  radiation  source  (2), 
^   and  an  interferometer  (3)  comprising  a  light  divider 
O  (4),  a  reference  mirror  (5)  located  on  one  side  (6)  of 
q   the  surface  of  the  light  divider  (4)  perpendicularly  to 
00  the  beam  path  and  an  optical  path  modulator  (7) 

mounted  on  the  other  side  (9)  of  the  surface  of  the 
©  light  divider  (4)  with  the  possibility  of  oscillating 

movement  along  the  beam  path  and  provided  with  a 
Ijj  unit  (8)  for  measuring  its  displacement.  The  device 

further  comprises  a  photo-receiver  (12),  a  unit  (13) 
for  determining  the  contrast  of  the  interference  lines 

and  a  unit  (14)  for  fixing  the  position  of  the  modula- 
tor  (7).  The  modulator  (7)  is  provided  with  a  corner 
reflector  (10)  whose  axis  of  symmetry  is  parallel  to 
the  beam  path  and  is  located  beyond  the  plane  of 
the  light  divider  (4).  The  objective  (1)  is  designed  so 
as  to  provide  for  the  possibility  of  optical  conjugation 
of  the  coherent  radiation  source  (2)  with  the  plane 
corresponding  to  the  zero  path  difference  of  the 
interferometer  (3). 
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Technical  Field 

The  present  invention  relates  to  instrumentation 
engineering  and  may  be  used  to  determine  surface 
contour  of  diffusely  reflecting  objects  by  using  the 
principle  of  low-sensitive  speckle  interferometry 
and  more  particularly,  by  using  a  method  based  on 
the  evaluation  of  contrast  in  an  interference  pattern 
resulted  from  interference  between  the  speckle- 
structure  of  light  reflected  from  a  diffuse  object, 
and  a  reference  beam. 

Prior  Art 

The  time  needed  for  determining  surface  con- 
tours  of  reflecting  objects  depends  to  a  high  de- 
gree  on  the  quantity  of  light  falling  upon  the  ap- 
erture  diaphragm  of  a  photodetector.  This  depen- 
dence  is  due  to  the  fact  that,  other  conditions  being 
the  same,  larger  exposure  gives  higher  signal-to- 
noise  ratio  at  the  output  of  said  photodetector,  thus 
allowing  to  increase  the  motion  speed  of  an  optical 
path  modulator  of  an  object  or  of  a  reference  beam 
and  thereby  to  close  up  the  cycle  of  measurements 
more  quickly  in  spite  of  the  signal  level  decrease 
caused  by  the  limited  response  speed  of  the 
photodetector. 

In  order  to  analyze  the  contrast  in  the  interfer- 
ence  pattern,  formed  by  a  reference  beam  and  a 
beam  reflected  from  a  diffuse  object  and  having  a 
speckle  structure,  the  size  of  the  aperture  dia- 
phragm  in  the  photodetector  receiving  said  interfer- 
ence  pattern  must  be  equal  to  the  size  of  an 
average  element  in  said  structure  because  the 
phase  of  speckles  is  a  random  value.  (J.  Vest 
"Holographic  Interferometry",  1979,  John  Wiley 
and  Son's  (New-Jork). 

Known  is  a  method  of  determining  surface  con- 
tour  of  diffusely  reflecting  objects  by  splitting  co- 
herent  light  in  two  beams  one  of  which  is  directed 
towards  the  object  and  the  other  used  as  a  refer- 
ence  beam  when  the  object  hologram  is  being 
taken,  and  by  determining,  in  the  hologram  plane 
forming  the  field  of  interference  of  reference  and 
object  beams  and  modulated  by  the  speckle  struc- 
ture,  the  points  with  maximum  contrast  between 
interference  bands.  At  these  points  the  difference 
between  optical  path  lengths  of  the  beams  equals 
zero,  and  therefore,  the  optical  path  length  of  the 
reference  beam,  which  is  known,  characterizes  the 
object  dimensions.  (N.  Abramson  "The  Making  and 
Evaluation  of  Holograms",  1981,  ed.  Acad.  Press, 
(London),  pp.31  5-31  9). 

Known  is  an  apparatus  for  determining  surface 
contour  of  diffusely  reflecting  objects  based  on  a 
holographic  interferometer  and  comprising  a  coher- 
ent  light  source  (a  laser),  an  interferometer  which 
includes  an  amplitude  beam-splitter  made  as  a 

mirror,  a  second  mirror  intended  to  form  a  refer- 
ence  beam,  a  photodetector  in  the  form  of  a  holog- 
ram  which  is  located  in  the  field  of  interference  of 
the  reference  and  object  beams.  (N.Abramson 

5  "The  Making  and  Evaluation  of  Holograms",  1981, 
ed.Acad.  Press,  (London),  pp.31  5-31  9). 

The  hologram  is  registered  only  in  those  parts 
of  a  photoplate  where  the  difference  between  op- 
tical  path  lengths  of  the  interfering  beams  is  small- 

io  er  than  the  coherence  length  of  laser  emission. 
These  places  on  a  photoplate  where  the  contrast  of 
the  interference  bands  is  the  strongest,  as  well  as 
the  object  surface  regions  corresponding  to  said  of 
hologram,  may  be  determined  by  viewing  the  ob- 

75  ject  image  recreated  by  lightening  the  hologram 
with  the  reference  beam.  Since  the  configuration  of 
the  reference  beam  is  known,  the  surface  shape  of 
the  object  is  derived  from  the  condition  of  equality 
of  the  optical  path  lengths  of  the  beams  up  to  the 

20  parts  of  photoplate  with  the  maximum  contrast  of 
the  interference  pattern. 

The  described  method  and  apparatus  for  deter- 
mining  surface  contour  of  diffusely  reflecting  ob- 
jects,  due  to  the  use  of  a  hologram  playing  the  role 

25  of  a  high-resolution  detector,  allow  during  the  same 
period  of  time,  to  analyze  the  form  of  an  object  at 
any  possible  sizes  of  elements  in  the  speckle 
structure  of  the  light  reflected  from  said  object. 
However,  the  use  of  a  hologram  as  means  for 

30  registering  the  result  of  interference  of  the  refer- 
ence  beam  and  the  beam  reflected  from  the  object, 
does  not  allow  to  realize  the  described  design  in 
the  real  time  scale,  and  therefore  the  realization  of 
said  method  takes  a  lot  of  time. 

35  Known  is  a  method  of  determining  surface  con- 
tour  of  diffusely  reflecting  objects  by  splitting  co- 
herent  light  coming  from  a  radiation  source  in  two 
beams,  one  of  which  is  directed  to  a  reference 
mirror  thus  forming  a  reference  beam,  and  the 

40  other  is  directed  to  an  object,  forming  an  object 
beam;  by  superimposing  and  interferometrically 
comparing  the  beams  reflected  from  the  object  and 
from  the  reference  mirror;  by  changing  the  refer- 
ence  beam  optical  path  length;  by  focusing  the 

45  object  beam  onto  a  plane  situated  in  the  region 
where  are  modified  the  positions  of  a  plane  cor- 
responding  to  zero  difference  of  optical  path 
lengths  of  the  reference  and  the  object  beams;  by 
measuring  variations  of  the  reference  beam  optical 

50  path  length  from  its  initial  value  up  to  the  moment 
when  the  maximum  contrast  occurs  in  the  interfer- 
ence  pattern,  which  contrast  characterizes  the  pa- 
rameter  to  be  evaluated  (Us,  A,  4647205). 

Known  is  an  apparatus  intended  to  realize  the 
55  described  method  and  comprising  the  following 

elements  mounted  in  consecutive  order  -  a  coher- 
ent  light  source  (laser),  a  lens,  a  Michelson  type 
interferometer  including  a  beam  splitter,  a  refer- 
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ence  mirror  which  is  turned  towards  one  face  of  the 
beam  splitter  surface  and  mounted  perpendicular 
to  the  beam  path,  onto  the  optical  path  modulator 
(US,  A,  4647205).  The  optical  path  modulator  is 
mounted  with  a  possibility  of  producing  oscillating 
movements  along  the  beam  path  within  a  specified 
range  and  possesses  a  device  intended  to  measure 
displacements  of  said  modulator.  The  range  of 
displacements  of  the  optical  path  modulator  is  se- 
lected  upon  the  condition  of  correspondence  be- 
tween  the  positions  of  said  modulator  and  the  re- 
gion  of  possible  positions  of  the  object  surface.  At 
the  same  time,  the  modulator  must  modify  the 
optical  path  by  more  than  two  coherence  lengths  of 
the  light  source.  This  condition  is  due  to  the  neces- 
sity  to  analyze  function  of  contrast  between  the 
bands,  which  is  varying  inside  said  range  of  the 
difference  between  optical  path  lengths  of  interfer- 
ing  beams.  Moreover,  the  apparatus  contains  a 
photodetector,  mounted  at  the  output  of  the  inter- 
ferometer,  a  device  evaluating  interference  bands 
contrast,  the  input  of  said  device  being  connected 
to  the  output  of  the  photodetector,  a  device  deter- 
mining  the  positions  of  the  optical  path  modulator, 
which  device  is  connected  to  the  device  for  mea- 
suring  displacements  of  the  modulator  and  to  the 
output  of  the  device  for  evaluating  the  contrast 
between  interference  bands. 

The  optical  path  modulator  is  a  membrane 
fitted  with  electromagnetic  drive  in  the  shape  of  a 
coil  which  is  connected  to  a  saw-tooth  current 
generator.  A  reference  mirror  is  attached  to  the 
membrane.  The  device  measuring  displacements 
of  the  modulator  comprises  a  system  which  mea- 
sures  the  initial  position  of  the  optical  path  modula- 
tor  and  relative  displacements  of  the  latter,  which 
system  includes  an  ammeter  for  measuring 
sawtooth  current  applied  to  the  membrane  and  a 
calibration  chart  of  correspondence  between  the 
current  applied  to  the  membrane  and  the  reference 
mirror  position.  The  modulator  initial  position  is  that 
of  the  membrane  with  the  reference  mirror  attached 
to  it,  in  case  the  current  is  equal  to  zero. 

Different  to  the  previous  solution  is  the  method 
proposed  in  US,  A,  4647205,  which  is  realized  in 
the  real  time  scale  and  hence  significantly  shortens 
the  time  of  its  realization,  though  said  time  still 
remains  relatively  long.  The  reason,  as  it  has  been 
mentioned  above,  is  that  during  the  analysis  of  the 
contrast  of  an  interference  pattern  formed  by  a 
reference  beam  and  a  beam  reflected  from  a  dif- 
fuse  object  and  characterized  by  a  speckle  struc- 
ture,  implies  that  the  size  of  the  photodetector 
aperture  diaphragm  must  be  equal  to  the  size  of  an 
average  element  in  the  speckle  structure.  There- 
with  it  is  known,  that  the  speckle  size  depends  on 
the  accuracy  of  focusing  the  beam  onto  the  object 
surface.  In  the  method  and  apparatus  according  to 

US,  A,  4647205,  the  object  beam  is  focused  in 
order  to  increase  the  spatial  resolution  of  the  de- 
vice.  The  beam  is  focused  onto  a  plane  located  in 
an  invariable  position  in  the  zone  of  variation  of  the 

5  position  of  the  plane  corresponding  to  the  zero 
difference  between  the  path  lengths  of  the  refer- 
ence  and  object  beams.  It  means  that,  if  the  object 
surface  does  not  lie  in  said  plane,  this  leads  to  a 
defocusing  of  the  object  beam  accompanied  by  a 

io  decrease  of  the  speckle  structure  dimensions.  In 
order  to  realize  a  measurement  carried  out  at  the 
moment  of  coincidence  of  the  plane  corresponding 
to  the  zero  path  length  difference  between  the 
reference  and  object  beams,  and  of  the  object 

is  surface,  and  characterized  by  an  interference  pat- 
tern  with  a  maximum  contrast,  it  is  necessary  to 
reduce  the  photodetector  aperture  diaphragm,  so 
as  to  match  said  diaphragm  to  the  size  of  one 
average  element  in  the  speckle  structure  over  the 

20  whole  range  of  the  object  positions  and  this,  in 
turn,  decreases  the  exposure  of  the  photodetector 
and  deteriorates  the  signal-to-noise  ratio.  It  is  pos- 
sible  to  increase  signal  level  in  order  to  provide  the 
desired  accuracy  of  measurements  by  decreasing 

25  the  speed  of  movement  of  the  optical  path  modula- 
tor,  that  is  by  increasing  the  time  of  measurements. 

Moreover,  the  use  of  the  calibrating  chart  of 
correspondence  between  the  current  applied  to  the 
membrane  and  the  reference  mirror  position  for  the 

30  measurement  of  initial  position  of  the  optical  path 
modulator  and  of  its  relative  displacement,  requires 
a  rather  frequent  calibration  of  the  device  requiring 
variations  of  the  optical  path  modulator  parameters 
due  to,  for  example,  variations  of  environment  tem- 

35  perature  or  to  ageing  of  the  modulator  membrane. 

Disclosure  of  the  Invention 

The  principal  object  of  the  present  invention  is 
40  to  provide  a  method  of  determining  surface  contour 

of  diffusely  reflecting  objects,  in  which  the  object 
beam  is  focused  onto  a  plane  situated  so,  and  to 
provide  an  apparatus  for  determining  surface  con- 
tour  of  diffusely  reflecting  objects,  in  which  an 

45  optical  path  modulator  is  built  so,  and  a  lens  is 
made  and  located  so  as  to  provide  increase  of  the 
average  size  of  elements  of  the  speckle  structure 
of  coherent  light  scattered  by  the  diffuse  object,  at 
a  moment  when  the  object  surface  coincides  with  a 

50  plane  which  corresponds  to  the  zero  path  length 
difference  between  reference  and  object  beams  in 
an  interferometer,  that  is  at  the  moment  when  an 
interference  pattern  of  the  maximum  contrast  oc- 
curs,  and  thus  to  increase  the  quantity  of  light 

55  falling  onto  a  photodetector  thereby  allowing  to 
reduce  time  required  for  the  determining  of  the 
surface  contour  of  diffusely  reflecting  objects. 

With  this  principal  object  in  view,  in  a  method 

3 
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of  determining  the  surface  contour  of  diffusely  re- 
flecting  objects  by  splitting  the  radiation  from  a 
coherent  light  source  in  two  beams,  one  of  said 
beams  being  directed  to  a  reference  mirror  to  form 
a  reference  beam,  and  the  other  being  directed  to 
the  object  to  be  measured  to  form  an  object  beam, 
by  bringing  to  a  coincidence  and  by  interferometr- 
ical  comparison  of  beams  reflected  from  the  refer- 
ence  mirror  and  from  the  object,  by  varying  the 
optical  path  of  the  beam,  by  focusing  the  object 
beam,  by  measuring  said  variation  of  the  optical 
path  of  the  beam  from  its  initial  length  up  to  the 
moment  when  the  maximum  contrast  of  interfer- 
ence  pattern  occurs,  indicating  the  parameter  to  be 
found  out,  according  to  the  invention,  the  known 
per  se  variation  of  the  object  beam  optical  path 
length  is  realized,  whereas  the  object  beam  is 
focused  onto  a  plane  corresponding  to  the  zero 
path  length  difference  between  the  object  and  ref- 
erence  beams  being  compared. 

With  the  principal  object  in  view,  in  an  appara- 
tus  for  determining  surface  contour  of  diffusely 
reflecting  objects  comprising  a  lens  and,  located  in 
consecutive  order,  a  coherent  radiation  source,  a 
double-beam  interferometer  including  a  beam  split- 
ter,  a  reference  mirror  turned  towards  a  first  face  of 
the  beam  splitter  surface,  and  mounted  perpen- 
dicular  to  the  beam  path,  an  optical  path  modulator 
mounted  with  a  possibility  of  producing  oscillating 
movements  along  the  beam  path  within  a  specified 
range  and  fitted  with  a  device  intended  to  measure 
displacements  of  said  modulator  and  having  a  sys- 
tem  for  measuring  initial  position  of  the  optical  path 
modulator,  a  photodetector  located  at  the  output  of 
the  interferometer,  a  device  for  evaluating  the  con- 
trast  between  interference  bands  with  its  input  con- 
nected  to  the  output  of  the  photodetector,  a  device 
detecting  position  of  the  optical  path  modulator, 
said  device  being  connected  to  the  device  which 
measures  displacements  of  the  optical  path 
modulator  and  to  the  output  of  the  device  sensing 
the  contrast  between  interference  bands,  according 
to  the  invention,  the  optical  path  modulator  is 
mounted  in  front  of  a  second  face  of  the  beam 
splitter  surface  and  is  fitted  with  a  corner  reflector 
whose  reflecting  surfaces  are  turned  to  said  second 
face  of  the  beam  splitter  surface,  and  the  axis  of 
symmetry  of  the  corner  reflector  is  parallel  to  the 
beam  path  and  exterior  to  the  beam  splitter  sur- 
face,  whereas  the  lens  is  made  with  a  possibility  to 
integrate  optically  the  coherent  radiation  source 
and  a  plane  corresponding  to  the  zero  path  length 
difference  of  the  interferometer. 

The  focusing  of  the  object  beam  onto  a  plane 
corresponding  to  the  zero  path  length  difference 
between  interfering  beams  provides,  when  the  ob- 
ject  beam  optical  path  is  changing,  a  simultaneous 
movement  of  the  object  beam  focus  and  of  said 

plane,  and,  accordingly,  a  coincidence  between  the 
object  beam  focus  and  the  Surface  of  the  object  to 
be  evaluated  during  the  measurements  which  are 
carried  out  at  the  moment  of  coincidence  between 

5  said  plane  and  the  plane  of  the  zero  difference  of 
the  optical  path  lengths  between  interference 
beams,  and  are  characterized  by  an  interference 
pattern  presenting  maximum  contrast.  With  the  de- 
scribed  focusing  of  the  object  beam  the  average 

io  size  of  elements  in  the  speckle  structure  of  coher- 
ent  light  dispersed  by  a  diffuse  object  grows  up  to 
its  maximum  value  at  the  moment  of  measurement, 
that  is  when  maximum  contrast  occurs  in  the  inter- 
ference  pattern,  thus  allowing  to  build  a 

is  photodetector  with  an  aperture  diaphragm  char- 
acterized  by  the  dimensions  greater  than  those  of 
an  aperture  diaphragm  of  the  photodetector  pro- 
posed  in  US,  A,  4647205  and  so,  it  becomes 
possible  to  increase  the  quantity  of  the  light  falling 

20  on  the  photodetector  and  to  reduce  the  time  need- 
ed  for  determining  surface  contour  of  diffusely  re- 
flecting  objects. 

The  use,  on  the  optical  path  modulator,  of  a 
corner  reflector  mounted  on  said  modulator  as  de- 

25  scribed  above,  as  well  as  the  lens  realized  with  a 
possibility  to  optically  integrate  the  radiation  source 
with  the  plane  corresponding  to  the  zero  path 
length  difference  between  the  interfering  beams, 
provide  simultaneously  a  displacement  of  the  plane 

30  corresponding  to  the  zero  path  length  difference 
between  the  object  and  the  reference  beams,  and  a 
refocusing  of  the  object  beam  in  such  a  manner 
that  its  focus  always  coincides  with  the  location  of 
said  plane  and,  accordingly,  with  the  surface  of  the 

35  object  under  study,  at  the  moment  when  maximum 
contrast  of  the  interference  patter  is  registered. 

Another  embodiment  of  the  apparatus  may  be 
provided  in  which  it  is  useful  to  realize  the  lens  out 
of  two  components,  to  situate  the  first  component 

40  after  the  source  of  coherent  radiation  and  away 
from  it  by  a  distance  equal  to  the  focal  length  of 
the  first  component,  and  the  second  component 
between  the  beam  splitter  and  the  optical  path 
modulator,  at  a  point  distant  from  the  former  by  the 

45  difference  of  the  distance  between  beam  splitter 
and  reference  mirror,  and  of  the  focal  length  of  the 
second  component. 

In  this  embodiment  of  the  apparatus,  the  op- 
tical  integration  of  the  source  with  the  plane  cor- 

50  responding  to  the  zero  path  length  difference  of  the 
interferometer  is  provided  by  the  lens  second  com- 
ponent  placed  between  the  beam  splitter  and  the 
optical  path  modulator.  The  lens  first  component 
serves  to  collimate  the  beam  emitted  by  the  radi- 

55  ation  source,  promoting  in  this  way,  as  a  rule,  a 
decrease  of  dimensions  of  the  apparatus. 

In  another  possible  embodiment  of  the  appara- 
tus  it  is  advisible  to  place  the  lens  between  the 

4 
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coherent  radiation  source  and  the  beam  splitter. 
Here  the  optical  integration  of  the  coherent  radi- 
ation  source  with  the  plane  corresponding  to  the 
zero  path  length  difference  of  the  interferometer,  is 
provided  by  the  lens  which  is  mounted  after  the 
coherent  radiation  source,  the  focal  length  of  said 
lens  and  its  location  relative  to  said  radiation 
source  being  chosen  by  the  known  methods  of 
selection  of  the  lens. 

Both  proposed  embodiments  of  the  apparatus 
for  determining  surface  contour  of  diffusely  reflect- 
ing  objects,  from  the  point  of  view  of  the  problem 
to  be  solved,  namely  of  the  aim  to  increase  during 
the  measurements,  that  is  at  the  moment  when  the 
interference  pattern  of  maximum  contrast  occurs, 
the  average  size  of  elements  in  the  speckle  struc- 
ture  of  coherent  light  scattered  by  the  diffuse  ob- 
ject,  are  two  equivalent  solutions. 

If  the  apparatus  for  determining  surface  contour 
of  diffusely  reflecting  objects  is  made  according  to 
the  embodiment  in  which  the  lens  contains  two 
components,  the  dimensions  of  the  apparatus,  es- 
pecially  when  the  object  is  at  a  considerable  dis- 
tance,  are  as  a  rule  smaller  than  in  the  second 
embodiment.  On  the  other  hand,  the  apparatus 
made  according  to  the  second  embodiment  where 
the  lens  mounted  after  the  radiation  source  projects 
the  radiation  source  onto  the  reference  mirror  sur- 
face  and  onto  the  plane  corresponding  to  the  zero 
path  length  difference  of  the  interferometer,  is  more 
resistant  to  disalignment  of  the  interferometer  and 
its  use  is  preferable  in  the  processes  characterized, 
for  example,  by  vibrations  or  by  elevated  tempera- 
ture. 

If  the  apparatus  is  made  according  to  the  em- 
bodiment  where  the  lens  includes  two  components, 
it  is  advisable  to  shift  the  axis  of  symmetry  of  the 
second  component  of  the  lens  relative  to  the  axis 
of  symmetry  of  the  beam  splitter  and  to  supply  the 
system  intended  to  measure  initial  position  of  the 
optical  path  modulator  with  a  photodetector,  a  de- 
vice  sensing  contrast  in  interference  bands,  a  first 
mirror  located  between  the  beam  splitter  and  the 
reference  mirror  parallel  to  the  latter,  a  second 
mirror  turned  to  reflecting  surfaces  of  the  corner 
reflector  of  the  optical  path  modulator,  placed  per- 
pendicular  to  the  beam  and  shifted  from  the  axis  of 
symmetry  of  the  corner  reflector  in  the  direction 
opposite  to  the  beam  splitter,  whereas  centres  of 
the  mirrors  should  be  shifted  relative  to  the  axis  of 
symmetry  of  the  beam  splitter  in  the  direction 
opposite  to  the  lens  second  component  and  should 
be  placed  away  from  the  beam  splitter  by  dis- 
tances  corresponding  to  equal  optical  paths,  the 
photodetector  should  be  situated  after  the  exit  win- 
dow  of  the  interferometer  on  the  optical  axis  of  the 
system  measuring  initial  position  of  the  optical  path 
modulator,  and  the  output  of  the  photodetector 

should  be  connected  to  the  input  of  the  device 
sensing  contrast  in  the  interference  bands  of  the 
system  measuring  initial  position  of  the  optical  path 
modulator. 

5  The  initial  position  of  the  optical  path  modulator 
is  that  in  which  the  mirrors  of  the  system  measur- 
ing  initial  position  of  the  modulator  are  located 
away  from  the  beam  splitter  by  distances  cor- 
responding  to  equal  optical  path  lengths.  As  the 

io  initial  position  of  the  modulator  is  measured  using 
two  mirrors  rigidly  fixed  on  the  base  of  the  appara- 
tus,  said  measurement  does  not  require  calibration 
of  the  apparatus,  and  measurements  of  the  initial 
position  do  not  depend  on  possible  variations  of 

is  positions  of  the  optical  path  modulator,  such  vari- 
ations  being  due,  for  example,  to  instability  of  am- 
bient  temperature  or  to  ageing  of  the  membrane. 

The  displacement  of  the  axis  of  symmetry  of 
the  lens  second  component  relative  to  the  axis  of 

20  symmetry  of  the  beam  splitter  provides  formation 
of  a  parallel  beam  in  the  system  measuring  initial 
position  of  the  optical  path  modulator  and  also 
provides  the  most  effective  use  of  the  light  emitted 
from  the  coherent  radiation  source.  The  apparatus 

25  in  this  embodiment  of  the  invention,  as  it  has  been 
noted  above,  is  preferable  if  the  object  is  at  a  great 
distance,  for  example,  if  the  object  has  large  di- 
mensions  or  deep  cavities,  because  the  arrange- 
ment  of  mirrors  in  the  system  measuring  initial 

30  position  of  the  optical  path  modulator  does  not 
depend  on  the  remoteness  of  the  object. 

If  the  apparatus  is  made  in  accordance  with  the 
second  embodiment,  it  is  useful  for  the  system 
measuring  initial  position  of  the  optical  path 

35  modulator  to  include  a  photodetector,  a  device 
sensing  contrast  in  interference  bands,  a  first  mirror 
located  in  front  of  the  reflecting  surfaces  of  the 
corner  reflector  at  an  angle  to  its  axis  of  symmetry, 
and  shifted  from  the  axis  of  symmetry  of  said 

40  corner  reflector  in  the  direction  opposite  to  the 
beam  splitter,  a  second  mirror  located  on  the  beam 
path  after  the  first  mirror  and  perpendicular  to  the 
beam  path,  and  it  is  necessary  that  the  second 
mirror  and  the  reference  mirror  be  located  away 

45  from  the  beam  splitter  by  distances  corresponding 
to  equal  optical  path  lengths,  whereas  the 
photodetector  should  be  mounted  after  the  exit 
window  of  the  interferometer  on  the  optical  axis  of 
the  system  measuring  initial  position  of  the  optical 

50  path  modulator,  and  be  connected  to  the  device 
sensing  contrast  in  interference  bands. 

Here  the  initial  position  of  the  optical  path 
modulator  is  that  in  which  the  second  mirror  of  the 
system  measuring  initial  position  of  the  modulator 

55  and  the  reference  mirror  are  located  away  from  the 
beam  splitter  by  distances  corresponding  to  equal 
optical  path  lengths.  In  this  case  the  measurement 
of  the  modulator  initial  position,  just  as  in  the  first 

5 
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embodiment  of  the  apparatus,  does  not  depend  on 
the  modulator  parameters.  However,  as  the  position 
of  the  second  mirror  of  the  system  measuring  initial 
position  of  the  modulator  depends  on  the  reference 
mirror  position,  the  latter  being  defined  by  the 
eventual  distance  of  the  object,  for  at  large  dis- 
tances  the  dimensions  of  such  an  apparatus  grow 
up.  At  the  same  time,  owing  to  the  fact  that  the 
reference  mirror  and  said  second  mirror  receive 
projections  of  a  point  source  of  light,  a  variation  of 
position  angles  of  these  mirrors  does  not  influence 
the  operation  of  the  apparatus,  that  is  such  appara- 
tus  is  more  resistant  to  disalignment  of  the  inter- 
ferometer  than  the  apparatus  of  the  first  embodi- 
ment  in  which  all  the  mirrors  receive  a  parallel 
beam,  and  its  use  is  preferable  in  the  processes 
characterized  by  vibrations  or  by  elevated  tempera- 
tures. 

The  depicted  advantages  as  well  as  the  fea- 
tures  of  the  present  invention  will  be  further  on 
better  understood,  considering  the  following  pre- 
ferred  embodiments  of  the  invention  with  referen- 
ces  to  the  accompanying  drawings. 

Brief  Description  of  the  Drawings 

FIG.1  is  a  schematic  diagram  of  an  appara- 
tus  for  determining  surface  contour  of 
diffusely  reflecting  objects  according 
to  one  embodiment  of  the  invention 
where  the  lens  consists  of  two  compo- 
nents, 

FIG.2  is  a  diagram  of  the  apparatus  of  FIG.1 
with  devices  measuring  initial  position 
of  the  modulator  and  a  relative  dis- 
placement  of  the  modulator, 

FIG.3  is  a  diagram  for  determining  surface 
contour  of  diffusely  reflecting  objects 
in  accordance  with  the  second  em- 
bodiment. 

Since  the  proposed  method  is  realized  during 
the  operation  of  the  apparatus,  the  description  of 
the  method  is  given  together  with  the  description  of 
operation  of  the  apparatus. 

Best  Mode  to  Carry  out  the  Invention 

An  apparatus  for  determining  surface  contour 
of  diffusely  reflecting  objects  comprises  a  lens  1 
(FIG.1)  and,  mounted  in  consecutive  order,  a  co- 
herent  radiation  source  2,  a  solid  state  laser  for 
example,  a  double-beam  interferometer  3,  a 
Michelson  type  interferometer  for  example,  which 
includes  a  beam  splitter  4,  a  reference  mirror  5 
turned  towards  a  first  face  6  of  the  surface  of  the 
beam  splitter  4  and  located  on  the  beam  path 
perpendicular  to  it,  a  beam  path  modulator  7  hav- 
ing  a  device  8  which  measures  displacement  of  the 

modulator  7.  The  optical  path  modulator  7  is  moun- 
ted  in  front  of  a  second  face  9  of  the  beam  splitter 
4  surface  and  is  fitted  with  a  corner  reflector  10  the 
reflecting  surfaces  of  which  are  turned  to  said 

5  second  face  9  of  the  surface  of  the  beam  splitter  4. 
The  axis  of  symmetry  of  the  corner  reflector  10  is 
parallel  to  the  beam  path  and  exterior  to  the  plane 
of  the  beam  splitter  4.  The  modulator  7  is  mounted 
with  a  possibility  to  execute  oscillating  movements 

io  along  the  beam  path  within  a  range  corresponding 
to  variation  of  the  optical  path  length  which  ex- 
ceeds  two  coherence  lengths  of  the  radiation 
source  2.  The  corner  reflector  10  of  the  modulator 
7  as  well  as  the  reference  mirror  in  a  design 

is  according  to  US,  A,  4647205,  is  mounted  on  mem- 
brane  (not  shown)  fitted  with  an  electromagnetic 
drive  (not  shown)  in  the  shape  of  a  coil  connected 
to  a  saw-toothe  current  generator  (not  shown).  The 
beam  splitter  4  with  the  reference  mirror  5  form  a 

20  reference  beam  and  the  beam  splitter  4  with  the 
corner  reflector  10  of  the  optical  path  modulator  7 
form  an  object  beam. 

The  range  of  displacements  of  the  optical  path 
modulator  7  is  selected  on  a  condition  of  cor- 

25  respondence  between  positions  of  said  modulator 
and  the  surface  of  an  object  1  1  .  At  the  same  time, 
variation  of  the  optical  path  of  the  modulator  7  may 
not  be  less  than  two  coherence  lengths  of  the 
radiation  source  2.  This  condition  arises  from  the 

30  necessity  to  analyze  the  function  of  contrast  be- 
tween  the  bands  which  is  changing  within  this 
interval  of  difference  between  optical  path  lengths 
of  interfering  beams. 

The  dimensions  of  the  corner  reflector  10  of 
35  the  optical  path  modulator  7  are  defined  by  a 

condition  of  correspondence  between  its  entrance 
aperture  and  the  exit  aperture  of  the  beam  splitter 
4.  The  displacement,  relative  to  the  plane  of  the 
beam  splitter  4,  of  the  axis  of  symmetry  of  the 

40  corner  reflector  10  results  from  that  the  object  11  is 
exterior  to  the  exit  aperture  of  the  pupil  of  the 
beam  splitter  4.  Whenever  the  beam  splitter  4  is 
made  in  the  shape  of  a  cube  (that  is  observed  as  a 
rule),  the  displacement  of  the  axis  of  symmetry  of 

45  the  corner  reflector  10  of  the  modulator  7  as  well 
as,  perpendicular  to  said  displacement,  the  linear 
dimension  of  said  reflector,  may  be  equal  to  one 
side  length  of  the  cubic  beam  splitter  4,  and  the 
dimension  perpendicular  to  said  displacement  may 

50  be  equal  to  double  side  of  the  cubic  beam  splitter 
4.  The  lens  1  is  made  with  a  possibility  to  integrate 
optically  the  radiation  source  2  with  the  plane  cor- 
responding  to  the  zero  difference  between  path 
lengths  of  object  and  reference  beams.  At  the 

55  output  of  the  interferometer  3  a  photodetector  12  is 
mounted,  and  its  output  is  connected  to  the  input 
of  a  device  13  serving  to  sense  contrast  in  the 
interference  bands.  The  output  of  the  latter  is  con- 

6 
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nected  to  a  device  14  which  detects  the  position  of 
the  optical  path  modulator  7,  and  the  device  14  is 
connected  to  the  device  8  intended  to  measure 
displacements  of  the  modulator  7.  The  device  13 
sensing  contrast  of  the  interference  bands  may  be 
made  as  a  known  structure,  for  example,  with  con- 
nected  in  series;  a  detector  (not  shown),  a  differen- 
tiator  (not  shown),  and  a  level  limiter  (not  shown) 
(J.Marchais  "L'amplificateur  operationnel  et  ses  ap- 
plications"  1971,  Masson  et  C.Editeurs  (Paris)  ). 
The  device  14  serving  to  detect  position  of  the 
modulator  7  corresponds  to  the  known  configura- 
tion  and  contains  three  flip-flops  (not  shown),  two  of 
them  having  adjusting  inputs.  Outputs  of  the  flip- 
flops  fitted  with  adjusting  inputs  are  connected  via 
cells  &  of  coincidence  (not  shown)  to  counters  (not 
shown).  A  third  flip-flop  is  connected  by  its  syn- 
chronous  input  the  output  of  one  of  the  flip-flops 
having  adjusting  inputs.  The  device  8  measuring 
displacement  of  the  optical  path  modulator  7,  in  a 
general  manner,  contains  a  system  15  which  mea- 
sures  initial  position  of  the  optical  path  modulator  7 
(FIG.2),  and  a  system  16  which  measures  its  rela- 
tive  displacement.  The  optical  part  of  the  system 
15  measuring  initial  position  of  the  modulator  7  is 
realizable  in  two  forms  illustrated  by  FIG.2  and 
FIG.3,  whereas  its  electronic  part,  as  a  rule,  con- 
tains  a  photodetector  17  and  a  device  18  sensing 
the  contrast  of  the  interference  bands,  which  de- 
vice  may  be  made  according  to  the  same  configu- 
ration  as  the  device  13  which  senses  the  contrast 
of  the  interference  bands.  The  system  16  measur- 
ing  relative  displacement  of  the  modulator  7  is 
made  according  to  a  known  configuration  and  con- 
tains  a  light  emitting  diode  19,  a  photodetector  20, 
and  two  parallel  plane  rasters  21  mounted  between 
them,  one  of  said  rasters  being  fixed  to  the 
modulator  7.  The  rasters  21  are  oriented  so  that 
their  planes  are  parallel  and  their  lines  perpendicu- 
lar  to  the  axis  of  symmetry  of  the  corner  reflector 
of  the  optical  path  modulator  7.  The  photodetector 
20  by  its  output  is  connected  to  free  inputs  of  the 
coincidence  cells  &  (not  shown)  of  the  device  14 
detecting  position  of  the  optical  path  modulator,  the 
adjusting  inputs  R  (to  the  "zero"  state)  of  the  first 
and  of  the  second  flip-flops  (not  shown)  in  said 
device  14  are  connected  to  outputs  of  the  devices 
13  and  19  sensing  contrast  of  interference  bands, 
accordingly,  and  the  adjusting  inputs  S  (to  the 
"one"  state)  of  said  flip-flops  (not  shown)  are  con- 
nected  to  outputs  of  the  devices  19  and  13  sensing 
the  contrast  of  the  interference  bands,  accordingly. 

FIG.2  shows  an  embodiment  of  an  apparatus 
for  determining  surface  contour  of  diffusely  reflect- 
ing  objects  in  which  the  lens  1  contains  two  com- 
ponents  22  and  23.  The  first  component  22  of  the 
lens  1  is  located  after  the  coherent  radiation  source 
2  at  a  distance  from  it  equal  to  focal  length  of  said 

component,  and  the  second  component  23  of  the 
lens  1  is  situated  between  the  beam  splitter  4  and 
the  optical  path  modulator  7  away  from  the  beam 
splitter  4  by  a  distance  equal  to  the  difference 

5  between  the  distance  from  the  beam  splitter  4  to 
the  reference  mirror  5  and  the  focal  length  of  the 
second  component  23.  The  system  15  measuring 
initial  position  of  the  modulator  7,  as  it  has  been 
noted  above,  contains  the  optical  part  and  the 

io  above-described  electronic  part.  The  optical  part  of 
the  system  15  measuring  initial  position  of  the 
modulator  7  contains  a  first  mirror  24  located  be- 
tween  the  beam  splitter  4  and  the  reference  mirror 
5  parallel  to  the  latter,  a  second  mirror  25  mounted 

is  on  the  beam  path  perpendicular  to  it  in  front  of  the 
reflecting  surfaces  of  the  corner  reflector  10  of  the 
modulator  7  and  turned  towards  said  surfaces.  The 
second  mirror  25  is  displaced  relative  to  the  axis  of 
symmetry  of  the  corner  reflector  10  in  the  direction 

20  opposite  to  the  beam  splitter  4.  The  first  and  the 
second  mirrors  24  and  25,  accordingly,  are  located 
away  from  the  beam  splitter  4  by  distances  cor- 
responding  to  equal  optical  path  lengths,  whereas 
the  centres  of  the  mirrors  24  and  25  are  shifted 

25  from  the  axis  of  symmetry  of  the  beam  splitter  4  in 
one  and  the  same  direction.  Therewith,  the  position 
of  the  optical  path  modulator  7,  in  which  the  mir- 
rors  24  and  25  are  located  away  from  the  beam 
splitter  4  by  distances  corresponding  to  equal  op- 

30  tical  path  lengths,  is  the  initial  position  of  said 
modulator.  In  order  to  provide  the  most  effective 
use  of  light  coming  from  the  coherent  radiation 
source  2,  the  axis  of  symmetry  of  the  second 
component  23  of  the  lens  1  is  displaced  relative  to 

35  the  axis  of  symmetry  of  the  beam  splitter  4  in  the 
direction  opposite  to  the  displacement  of  centres  of 
the  mirrors  24  and  25.  The  value  of  displacement 
of  the  axis  of  symmetry  of  the  second  component 
23  of  the  lens  1  relative  to  the  axis  of  symmetry  of 

40  the  beam  splitter  4  is  chosen  upon  a  condition  that 
approximately  20%  of  the  beam  irradiating  the  ob- 
ject  11  is  deflected  towards  the  system  15  in- 
tended  to  measure  initial  position  of  the  modulator 
7.  The  photodetector  17  of  the  system  15  measur- 

45  ing  the  initial  position  of  the  modulator  7  is  moun- 
ted  after  the  entrance  window  of  the  interferometer 
3  on  the  optical  axis  of  said  system.  The  output  of 
depicted  photodetector  17  is  connected  to  the  in- 
put  of  the  device  18  sensing  contrast  of  interfer- 

50  ence  bands  in  the  system  15  which  measures 
initial  position  of  the  optical  path  modulator  7.  FIG.3 
shows  a  second  embodiment  of  the  apparatus  for 
determining  surface  contour  of  diffusely  reflecting 
objects,  in  which  the  lens  1  is  mounted  between 

55  the  radiation  source  2  and  the  beam  splitter  4. 
Focal  length  of  the  lens  1  and  the  distance  at 
which  the  lens  1  is  mounted  relative  to  the  radiation 
source  2,  are  chosen  using  known  methods  of 
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selecting  the  lens  1  on  the  condition  of  optical 
integration  of  the  radiation  source  with  the  plane 
corresponding  to  the  zero  difference  between  the 
path  lengths  of  the  object  and  of  the  reference 
beams  in  the  interferometer  3  (FIG.1).  In  such  an 
embodiment  of  the  apparatus  the  system  15 
(FIG.3)  which  measures  initial  position  of  the 
modulator  7  contains  an  electronic  part  including, 
as  in  the  first  embodiment,  a  photodetector  17 
mounted  after  the  entrance  window  of  the  inter- 
ferometer  3  (FIG.1)  on  the  optical  axis  of  this 
system  15  (FIG.3)  and  a  device  18  which  senses 
the  contrast  of  the  interference  bands,  the  input  of 
which  is  connected  to  the  output  of  said 
photodetector  1  7.  The  optical  part  of  the  system  1  5 
measuring  the  initial  position  of  the  modulator  7 
also  contains  two  mirrors  24  and  25.  The  first 
mirror  24  is  located  in  front  of  the  reflecting  sur- 
faces  of  the  corner  reflector  10  of  the  modulator  7, 
is  turned  towards  said  surfaces,  shifted  relative  to 
the  axis  of  symmetry  of  the  corner  reflector  10  in 
the  direction  opposite  to  the  beam  splitter  4,  and 
oriented  at  an  angle  to  the  axis  of  symmetry  of  the 
corner  reflector  10.  The  second  mirror  25  is  located 
after  the  first  mirror  on  the  beam  path  and  mounted 
perpendicular  to  the  beam  path,  said  second  mirror 
5  being  located  away  from  the  beam  splitter  4  by 
distances  corresponding  to  equal  optical  path 
lengths.  The  position  of  the  modulator  7  corre- 
sponding  to  said  arrangement,  relative  to  the  beam 
splitter  4,  of  the  second  and  of  the  reference  mir- 
rors  25  and  5,  accordingly,  is  the  initial  position  of 
said  modulator.  In  a  general  case,  the  displacement 
of  the  first  mirror  24  relative  to  the  axis  of  sym- 
metry  of  the  corner  reflector  10  is  selected  by 
known  methods  based  on  the  condition  that  ap- 
proximately  20%  of  the  beam  illuminating  the  ob- 
ject  11  should  be  deflected  towards  the  second 
mirror  25.  Because  of  the  fact  that  the  second 
mirror  25  and  the  reference  mirror  5  are  located 
away  from  the  beam  splitter  4  by  distances  cor- 
responding  to  the  equal  optical  path  lengths,  if  the 
object  11  is  at  large  distances  (approximately  1 
meter),  the  place  of  location  of  the  second  mirror 
25  will  enlarge  dimensions  of  the  apparatus  in 
comparison  with  the  first  embodiment  of  the  ap- 
paratus,  where  positions  of  the  mirrors  24  and  25 
of  the  system  15  measuring  initial  position  of  the 
modulator  7  do  not  depend  on  the  distance  sepa- 
rating  the  object  11.  Owing  to  the  fact  that  the 
mirrors  24  and  25  of  the  system  15  measuring 
initial  position  of  the  modulator  7  (in  both  embodi- 
ments  of  the  apparatus)  are  rigidly  fixed  on  the 
base  of  the  apparatus,  calibration  of  the  apparatus 
is  not  needed,  and  the  measurement  of  positions  of 
the  modulator  does  not  depend  on  eventual  vari- 
ations  of  parameters  of  the  modulator  7,  caused  for 
example  by  variations  of  ambient  temperature  or 

by  ageing  of  the  membrane  (not  shown)  of  the 
modulator  7.  In  the  first  and  in  the  second  embodi- 
ments  of  the  apparatus  for  determining  surface 
contour  of  diffusely  reflecting  objects,  the  compo- 

5  nents  22  (FIG.2)  and  23  of  the  lens  1  (the  first 
embodiment)  and  the  lens  1  (FIG.3)  (in  the  second 
embodiment)  may  be  realized  as  one  lens  as  well 
as  an  array  of  lenses.  The  interval  of  displacements 
of  the  optical  path  modulator  7,  specified  for  the 

io  apparatus  for  determining  surface  contour  of  dif- 
fusely  reflecting  objects,  indicates  the  range,  con- 
venient  for  said  apparatus,  of  positions  of  surface 
of  the  object  11.  Before  using  the  apparatus  it  is 
mounted  relative  to  the  object  11  in  accordance 

is  with  the  specified  range. 
The  apparatus  for  determining  surface  contour 

of  diffusely  reflecting  objects  operates  as  follows: 
The  beam  of  light  emitted  from  the  coherent 

radiation  source  2  (FIG.1)  is  collimated  by  the  first 
20  component  22  of  the  lens  1  and  divided  by  the 

beam  splitter  4  in  two  beams  one  of  which  is 
directed  towards  the  reference  mirror  5  thus  for- 
ming  the  reference  beam,  and  the  second  beam, 
via  the  second  component  23  of  the  lens  1  via  the 

25  corner  reflector  10  of  the  modulator  7  (after  said 
beam  is  in  succession  reflected  from  the  modulator 
surfaces)  is  directed  to  the  object  1  1  and  forms  the 
object  beam.  Owing  to  that  the  second  component 
23  of  the  lens  1  is  located  away  from  the  beam 

30  splitter  4  by  a  distance  equal  to  the  difference 
between  the  distance  separating  the  beam  splitter 
4  from  the  reference  mirror  5  and  the  focal  length 
of  the  second  component  23  of  the  lens  1,  the 
beam  illuminating  the  surface  of  the  object  11 

35  when  it  is  passing  through  said  component  23  of 
the  lens  1  is  focused  onto  a  plane  corresponding  to 
the  zero  difference  between  the  optical  path 
lengths  of  the  reference  and  of  the  object  beams. 
The  wave  front  of  light  which  has  been  modulated 

40  by  the  speckle  structure  and  scattered  by  the  dif- 
fuse  object  1  1  ,  passes  in  reverse  direction  through 
the  optical  path  modulator  7,  via  the  second  com- 
ponent  23  of  the  lens  1  ,  via  the  beam  splitter  4  and 
through  the  exit  window  (not  shown)  of  the  inter- 

45  ferometer  3  and  falls  on  the  photodetector  12.  The 
beam  reflected  from  the  reference  mirror  5  passes 
in  reverse  direction  through  the  beam  splitter  4  and 
is  brought  in  coincidence  with  the  object  beam, 
passes  also  through  the  exit  window  (not  shown)  of 

50  the  interferometer  3  and  falls  on  the  photodetector 
12,  where  the  reference  and  the  object  beams  are 
interferometrically  compared.  In  a  general  case  the 
object  parameters  are  evaluated  by  the  value  of 
variation  of  the  optical  path  length  of  the  reference 

55  or  object  beam  from  its  initial  value  up  to  the 
moment  when  appears  the  interference  pattern  dis- 
playing  maximum  contrast.  In  the  proposed  design 
the  optical  path  length  of  the  object  beam  is  varied 
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by  a  shift  of  the  corner  reflector  10  of  the  modula- 
tor  7.  Displacing  the  corner  reflector  10  of  the 
modulator  7  by  an  electromagnetic  drive  (not 
shown),  the  position  of  plane  corresponding  to  the 
zero  path  length  difference  between  the  reference 
and  the  object  beams  is  varied  within  a  specified 
range.  At  the  moment  of  coincidence  of  said  plane 
with  the  surface  of  the  object  11,  an  interference 
pattern  of  maximum  contrast  appears  on  the  en- 
trance  window  of  the  photodetector  12.  Owing  to 
the  fact  that  the  focal  plane  of  the  second  compo- 
nent  23  of  the  lens  1  coincides  with  the  plane 
corresponding  to  the  zero  path  length  difference  of 
the  interferometer  3,  the  focus  of  the  object  beam 
and  said  plane  corresponding  to  the  zero  path 
length  difference  are  moving  simultaneously.  At  the 
moment  of  coincidence  of  said  plane,  correspond- 
ing  to  the  zero  path  length  difference,  with  the 
surface  of  the  object  11,  the  object  beam  will  be 
focused  onto  the  surface  of  the  object  1  1  and  the 
average  size  of  elements  in  the  speckle  structure 
of  the  wavefront  of  light  scattered  by  the  diffuse 
object  will  have  its  maximum  at  the  moment  when 
the  interference  pattern  with  the  maximum  contrast 
is  displayed.  Therefore,  the  photodetector  12  in  the 
proposed  design  may  possess  an  aperture  dia- 
phragm  having  dimensions  larger  than  in  known 
designs  as,  for  example,  in  US,  A,  4647205.  There- 
with  the  quantity  of  light  falling  on  the  photodetec- 
tor  12  will  also  be  larger  at  any  position  of  the 
object  11  thus  allowing  to  increase  the  speed  of 
motion  of  the  optical  path  modulator  7  and  thereby 
to  reduce  the  time  needed  for  the  operation  of 
determining  surface  contour  of  diffusely  reflecting 
objects.  The  movement  of  the  modulator  7  is  re- 
alized  before  the  decay  of  contrast  of  the  interfer- 
ence  pattern.  At  the  moment  when  the  interference 
pattern  of  the  maximum  contrast  occurs,  the  device 
13  which  senses  contrast  of  the  interference  bands 
sends  a  pulse  to  one  of  the  inputs  of  the  device  14 
detecting  the  position  of  the  optical  path  modulator 
7.  Moreover,  during  operation  of  the  apparatus, 
other  inputs  of  the  device  14  detecting  the  position 
of  the  optical  path  modulator  7  permanently  receive 
information  about  relative  position  of  said  modula- 
tor  7  in  a  system  16  measuring  its  relative  move- 
ment  (FIG.2),  as  well  as  a  pulse  from  a  system  15 
intended  to  measure  the  modulator  initial  position, 
which  pulse  corresponds  to  such  a  position  of  the 
modulator  7  with  the  corner  reflector  10  in  which 
the  optical  path  lengths  between  the  beam  splitter 
4  and  the  mirrors  24,  25  are  equal.  The  position  in 
time  of  the  pulse  coming  from  the  system  15 
measuring  the  initial  position  of  the  optical  path 
modulator  7,  corresponds  to  the  contrasting  inter- 
ference  pattern  projected  on  the  photodetector  17 
of  said  system  15.  When  the  optical  path  modula- 
tor  is  moving,  at  the  same  time  one  of  the  rasters 

21  located  on  said  modulator  7  moves  in  a  direc- 
tion  perpendicular  to  the  lines  of  the  rasters  21. 
Then  the  output  of  the  photodetector  20  will  pro- 
duce  pulses  with  time  interval  between  them  cor- 

5  responding  to  the  displacement  of  the  raster  21 
located  on  the  modulator  7  by  a  distance  equal  to 
the  raster  period.  Said  information  is  permanently 
delivered  to  the  input  of  the  device  14. 

The  device  14  for  detecting  position  of  the 
io  optical  path  modulator  7  operates  as  follows.  The 

sequence  of  arrival  of  pulses  to  the  device  14 
detecting  position  of  the  modulator  7  from  the 
devices  13  and  18  which  sense  contrast  of  interfer- 
ence  bands  depends  on  the  position  of  surface  of 

is  the  object  1  1  relative  to  the  plane  corresponding  to 
the  zero  path  length  difference  between  interfering 
beams  when  the  optical  path  modulator  7  is  lo- 
cated  in  its  initial  position.  Before  the  beginning  of 
the  cycle  of  measurements  the  flip-flops  (not 

20  shown)  as  well  as  counters  (not  shown)  of  the 
device  14  detecting  position  of  the  optical  path 
modulator  are  set  in  their  initial  state.  When  the 
optical  path  modulator  is  moving  from  one  extreme 
position  to  the  other,  pulses  coming  from  the  de- 

25  vice  13  and  18  sensing  contrast  of  interference 
bands,  change  twice  the  state  of  one  of  the  first 
two  flip-flops  of  the  device  14  which  detects  posi- 
tion  of  the  optical  path  modulator  7,  while  the  state 
of  the  other  flip-flop  is  changed  only  once.  The 

30  third  flip-flop  (not-shown)  of  said  device  14  which  is 
connected  to  the  output  of  one  of  the  first  two  flip- 
flops  and  which  responds  to  the  second  changing- 
over  of  this  flip-flop,  defines  in  this  way  which  of 
the  flip-flops  is  changed-over  twice  or,  in  other 

35  words,  it  defines  the  sequence  of  arrival  of  pulses 
from  the  devices  13  and  18  which  sense  contrast 
of  the  interference  bands.  The  flip-flop  which  has 
been  changed  over  twice,  by  means  of  a  cell  of 
coincidence  (not  shown),  connects  a  counter  (not 

40  shown)  to  the  system  16  which  measures  relative 
displacement  of  the  optical  path  modulator  7.  This 
counter,  by  registering  the  quantity  of  pulses  com- 
ing  from  said  system  16,  determines  the  position  of 
surface  of  the  object  11  relative  to  the  plane  cor- 

45  responding  to  the  zero  path  length  difference  be- 
tween  interfering  beams  when  the  optical  path 
modulator  7  is  in  its  initial  state.  Here  the  fact  of 
operation  of  the  third  flip-flop  in  the  device  14 
which  detects  position  of  the  optical  path  modulator 

50  indicates  which  of  said  two  counters  contains  in- 
formation  and  also  determines  the  sign  of  this 
information,  that  is  the  situation  of  the  object  sur- 
face  relative  to  above-  mentioned  plane.  So,  during 
one  cycle  of  measurement  realized  in  one  of  the 

55  counters  of  the  device  14  detecting  position  of  the 
optical  path  modulator  7,  information  about  the 
position  of  surface  of  the  object  relative  to  the  zero 
path  length  difference  between  the  interference 
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beams  is  detected  when  the  optical  path  modulator 
7  is  in  its  initial  position.  The  device  shown  in  FIG.3 
operates,  basically,  similar  to  the  above-described 
device  but,  unlike  the  latter,  the  object  beam  in  this 
device  (FIG.3)  is  focused  onto  the  plane  corre- 
sponding  to  the  zero  path  length  difference  be- 
tween  the  object  and  the  reference  beams  by 
means  of  the  lens  1  mounted  after  the  coherent 
radiation  source  2,  therewith  coincidence  of  the 
object  beam  focus  with  the  object  surface  is  pro- 
vided  during  measurements,  that  is  at  the  moment 
when  interference  pattern  displays  maximum  con- 
trast.  Owing  to  the  fact  that  in  the  proposed  device 
the  lens  1  is  mounted  after  the  coherent  radiation 
source  2,  the  point  source  of  light  is  projected  onto 
the  reference  mirror  5  and  the  second  mirror  25  of 
the  system  15  intended  to  measure  initial  position, 
and  subsequently,  variation  of  angles  at  which 
these  mirrors  5  and  25  are  oriented  does  not 
influence  on  operation  of  the  apparatus,  that  is 
such  an  apparatus  is  more  resistant  to  disalignment 
than  the  apparatus  according  to  the  first  embodi- 
ment  which  is  shown  in  FIG.2,  in  which  apparatus 
all  the  mirrors  5,  24  and  25  receive  parallel  beam 
of  light  and  which  apparatus  is  preferable  for  use  in 
the  processes  accompanied  by  vibrations,  by  ele- 
vated  temperatures.  Moreover,  operation  of  the  de- 
vice  of  FIG.3  is  different  to  others  by  its  method  of 
determining  of  the  initial  position  of  the  optical  path 
modulator  7.  In  the  apparatus  here  described  the 
initial  position  of  the  optical  path  modulator  7  cor- 
responds  to  the  position  in  which  the  optical  path 
lengths  from  the  beam  splitter  4  to  the  reference 
mirror  5  and  to  the  second  mirror  25  of  the  system 
15  measuring  the  initial  position  of  the  modulator  7, 
are  equal.  The  position  of  surface  of  the  object  11 
is  evaluated  relative  to  the  position  of  the  plane, 
corresponding  to  the  zero  path  length  difference 
between  interfering  beams  when  the  optical  path 
modulator  7  is  in  its  initial  position. 

Industrial  Applicability 

The  proposed  method  and  apparatus  for  deter- 
mining  surface  contour  of  diffusely  reflecting  ob- 
jects  may  be  used  with  the  highest  effect  in  me- 
chanical  engineering,  for  quick  and  precise  contact- 
less  measurements  of  dimensions  of  workpieces. 

Claims 

1.  A  method  of  determining  surface  contour  of 
diffusely  reflecting  objects  by  splitting  radiation 
emitted  from  a  coherent  light  source  in  two 
beams,  one  of  which  is  directed  towards  a 
reference  mirror  (5)  thus  forming  a  reference 
beam,  and  the  other  is  directed  towards  an 
object  (11)  to  be  measured,  thus  forming  an 

object  beam,  by  superimposing  and  inter- 
ferometrically  comparing  the  beams  reflected 
from  the  reference  mirror  (5)  and  the  object 
(11)  ,  by  variation  of  the  optical  path  length  of 

5  the  reference  beam,  by  focusing  the  object 
beam,  by  measuring  said  variation  of  the  op- 
tical  path  length  of  the  beam  from  its  initial 
value  up  to  the  moment  when  the  maximum 
contrast  occurs  in  the  interference  pattern,  by 

io  which  contrast  the  parameter  in  question  is 
evaluated,  characterized  in  that  for  the  object 
beam  the  known  per  se  variation  of  the  optical 
path  length  is  realized  whereas  the  object 
beam  is  focused  onto  a  plane  corresponding  to 

is  the  zero  difference  between  path  lengths  of  the 
object  and  the  reference  beams  which  are 
compared. 

2.  An  apparatus  for  determining  surface  contour 
20  of  diffusely  reflecting  objects  comprising  a  lens 

(1)  and,  mounted  in  consecutive  order,  a  co- 
herent  radiation  source  (2),  a  double-beam  in- 
terferometer  (3)  including  a  beam  splitter  (4),  a 
reference  mirror  (5)  turned  towards  a  first  face 

25  (6)  of  the  surface  of  the  beam  splitter  (4)  and 
mounted  on  the  beam  path  perpendicular  to  it, 
an  optical  path  modulator  (7)  mounted  with  a 
possibility  to  produce  oscillating  movements 
along  the  beam  path  within  a  specified  range 

30  and  fitted  with  a  device  (8)  for  measuring  dis- 
placement  of  said  modulator  and  with  a  sys- 
tem  (15)  for  measuring  initial  position  of  the 
optical  path  modulator,  a  photodetector  (12) 
located  at  the  output  of  the  interferometer  (3), 

35  a  device  (13)  for  sensing  contrast  of  interfer- 
ence  bands,  the  input  of  said  device  being 
connected  to  the  output  of  the  photodetector 
(12)  ,  a  device  (14)  for  detecting  position  of  the 
optical  path  modulator,  which  device  is  con- 

40  nected  to  the  device  (8)  intended  to  measure 
the  displacement  of  the  optical  path  modulator 
(7),  and  to  the  output  of  the  device  (13)  sens- 
ing  the  contrast  of  interference  bands,  char- 
acterized  in  that  the  optical  path  modulator  (7) 

45  is  mounted  in  front  of  a  second  face  (9)  of  the 
surface  of  the  beam  splitter  (4)  and  is  fitted 
with  a  corner  reflector  (10)  whose  reflecting 
surfaces  are  turned  to  said  second  face  (9)  of 
the  surface  of  the  beam  splitter  (4)  and  the 

50  axis  of  symmetry  of  the  corner  reflector  (10)  is 
parallel  to  the  beam  path  and  lies  out  of  the 
plane  of  the  beam  splitter  (4)  whereas  the  lens 
(1)  is  made  with  a  possibility  to  integrate  opti- 
cally  the  coherent  radiation  source  with  a  plane 

55  corresponding  to  the  zero  difference  between 
the  path  lengths  of  the  interferometer. 

3.  The  apparatus  of  Claim  2  characterized  in 
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that  the  lens  (1)  is  made  as  two  components 
(22  and  23),  the  first  component  (22)  being 
situated  after  the  coherent  radiation  source 
(22)  away  from  it  by  a  distance  equal  to  the 
focal  length  of  said  component,  and  the  sec-  5 
ond  component  (23)  situated  between  the 
beam  splitter  (4)  and  the  optical  path  modula- 
tor  (7)  away  from  the  beam  splitter  (4)  by  a 
distance  equal  to  the  difference  between  the 
distance  from  the  beam  splitter  (4)  to  the  refer-  10 
ence  mirror  (5)  and  the  focal  length  of  the 
second  component  (23). 

4.  The  apparatus  of  Claim  2  characterized  in 
that  the  lens  (1)  is  situated  between  the  coher-  is 
ent  radiation  source  (2)  and  the  beam  splitter 
(4). 

5.  The  apparatus  of  Claim  3  characterized  in 
that  the  axis  of  the  second  component  (23)  of  20 
the  lens  (1)  is  displaced  relative  to  the  axis  of 
symmetry  of  the  beam  splitter  (4),  whereas  the 
system  (15)  for  measuring  the  initial  position  of 
the  optical  path  modulator  (7)  comprises  a 
photodetector  (17),  a  device  (18)  sensing  the  25 
contrast  of  the  interference  bands,  a  first  mirror 
(24)  located  between  the  beam  splitter  (4)  and 
the  reference  mirror  (5)  parallel  to  the  latter,  a 
second  mirror  (25)  turned  to  reflecting  surfaces 
of  the  corner  reflector  (10)  of  the  modulator  30 
(7)  and  placed  along  the  beam  path  perpen- 
dicular  to  it  with  a  displacement  relative  to  the 
axis  of  symmetry  of  the  corner  reflector  (10)  in 
a  direction  opposite  to  the  beam  splitter  (4), 
whereas  the  centres  of  the  mirrors  (24)  and  35 
(25)  are  displaced  relative  to  the  axis  of  sym- 
metry  of  the  beam  splitter  (4)  in  a  direction 
opposite  to  the  second  component  (23)  of  the 
lens  (1)  and  are  located  away  from  the  beam 
splitter  (4)  by  distances  corresponding  to  equal  40 
optical  path  lengths,  the  photodetector  (17)  is 
situated  after  the  exit  window  of  the  inter- 
ferometer  (3)  on  the  optical  axis  of  the  system 
(15)  for  measuring  the  initial  position  of  the 
optical  path  modulator  (7),  the  output  of  said  45 
photodetector  being  connected  to  the  input  of 
the  device  (18)  sensing  contrast  of  interference 
bands  of  the  system  (15)  which  measures  the 
initial  position  of  the  optical  path  modulator  (7). 

50 
6.  The  apparatus  of  Claim  4,  characterized  in 

that  the  system  (15)  for  measuring  the  initial 
position  of  the  optical  path  modulator  (7)  com- 
prises  a  photodetector  (17)  and  a  device  (18) 
for  sensing  the  contrast  of  the  interference  55 
bands,  a  first  mirror  (24)  located  in  front  of  the 
reflecting  surfaces  of  the  corner  reflector  (10) 
at  an  angle  to  its  axis  of  symmetry  and  dis- 

placed  relative  to  the  axis  of  symmetry  of  the 
corner  reflector  (10)  in  a  direction  opposite  to 
the  beam  splitter  (4),  a  second  mirror  (25) 
located  on  the  beam  path  after  the  first  mirror 
(24)  perpendicular  to  the  beam  path,  whereas 
the  second  mirror  (25)  and  the  reference  mirror 
(5)  are  located  away  from  the  beam  splitter  (4) 
by  distances  corresponding  to  equal  optical 
paths,  the  photodetector  (17)  is  mounted  after 
the  exit  window  of  the  interferometer  (3)  on  the 
optical  axis  of  the  system  (15)  measuring  the 
initial  position  of  the  optical  path  modulator  (7) 
and  is  connected  to  the  device  (18)  for  sensing 
the  interference  bands. 
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